Persistent bacterial bronchitis is a leading cause of chronic wet cough in young children. This 20 study aimed to characterise the respiratory bacterial microbiota of healthy children and to 21 assess the impact of the changes associated with the development of persistent bacterial 22
bronchitis. 23
Blind, protected brushings were obtained from 20 healthy controls and 24 children with 24 persistent bacterial bronchitis, with an additional directed sample obtained from persistent 25 bacterial bronchitis patients. DNA was extracted, quantified using a 16S rRNA gene 26 quantitative PCR assay prior to microbial community analysis by 16S rRNA gene 27 sequencing. 28
No significant difference in bacterial diversity or community composition (R 2 = 0.01, P = 29 0.36) was observed between paired blind and non-blind brushes, showing that blind 30 brushings are a valid means of accessing the airway microbiota. This has important 31 implications for collecting lower respiratory samples from healthy children. 32 A significant decrease in bacterial diversity (P < 0.001) and change in community 33 composition (R 2 = 0.08, P = 0.004) was observed between controls and patients. Bacterial 34 communities within patients with PBB were dominated by Proteobacteria, and indicator 35 species analysis showed that Haemophilus and Neisseria were significantly associated with 36 the patient group. In 15 (52.9%) cases the dominant organism by sequencing was not 37 identified by standard routine clinical culture. 38
The bacteria present in the lungs of patients with persistent bacterial bronchitis were less 39 diverse in terms of richness and evenness. The results validate the clinical diagnosis, and 40 suggest that more attention to bacterial communities in children with chronic cough may lead 41 to more rapid recognition of this condition with earlier treatment and reduction in disease 42 burden. 43 Introduction 44 Persistent or protracted bacterial bronchitis (PBB) is a leading cause of chronic wet cough 45 lasting more than 4 weeks in young children. PBB is particularly common in pre-school 46 children, often developing after a viral lower respiratory infection [1, 2] , but may present at 47 any age. As a result, PBB is often either misdiagnosed as asthma or the symptoms are 48 dismissed as being due to recurrent viral infection [1] [2] [3] . 49 50 Standard treatment for PBB is high dose oral antibiotics, the cough typically taking 10 -14 51 days to resolve [4] . Although the aim of therapy is to provide a definitive cure, reoccurrences 52 are frequent and if not treated successfully may lead to bronchiectasis [1] [2] [3] [4] . 53
54
Our understanding of the role of bacteria in chronic respiratory diseases is changing rapidly. 55
Until recently it was widely believed that the healthy lung was a sterile environment [5] . A 56 growing body of evidence, however, indicates that the healthy airways have a resident 57 microbiota which can vary between individuals[5-7] and can alter significantly as a result of 58 respiratory diseases such as cystic fibrosis, COPD and asthma [8] . 59 60 A previous study of children with PBB using 16S rRNA gene sequencing suggested that the 61 bacterial communities present in their lungs demonstrated similarities to those seen in 62 children with cystic fibrosis (CF) and non-CF bronchiectasis [9] . This study provided a useful 63 insight into the bacterial community associated with PBB, although the control subjects were 64 undergoing bronchoscopy for clinical indications and could not be considered to be 65 healthy [9] [10] [11] . 66
67
In this present study bronchial brushings were obtained from infants and children with a 68 diagnosis of PBB and from healthy children who were free of any respiratory symptoms or 69 significant previous lower respiratory tract illness. This has given the opportunity for a better 70 understanding of the microbiota of the healthy airway in childhood, as well as insight into 71 how it is perturbed in children with PBB. In addition, the validity of characterising the lower 72 airways microbiome using blind brushings through an endotracheal tube as opposed to more 73 invasive bronchoscope guided sampling has been investigated. 74 75 76 . CC-BY-NC-ND 4.0 International license author/funder. It is made available under a The copyright holder for this preprint (which was not peer-reviewed) is the . https://doi.org/10.1101/181982 doi: bioRxiv preprint
Methods

77
All study protocols were subject to ethical approval by the Local Health Research Authority 78 (Reference: 12/YH/0230). Full details of sampling, laboratory and analytical methods are 79 given in S1 Appendix, Supplementary Methods. 80
81
The study subjects were all 17 years of age or younger. None of these subjects had an 82 identified significant immunodeficiency or other conditions. 83
84
Control subjects were recruited if they were undergoing an intervention requiring 85 endotracheal intubation but were otherwise healthy without any history of acute or chronic 86 upper or lower respiratory tracts symptoms. 87 88 Sixteen mothers of enrolled children aged ≤ 2 years had nasal and oropharyngeal (throat) 89 swabs taken (S1 Table) . 90 91 Sample collection 92 Samples were obtained at the time of a diagnostic bronchoscopy for those with PBB and 93 opportunistically from healthy subjects undergoing planned surgical procedures. Blind 94 brushings were obtained in both groups using a protected cytology brush inserted into the 95 airway through an ET tube. In the PBB subjects a second sample was obtained via the 96 bronchoscope in order to compare the results from directed and blind brushings. Dual barcoded fusion primers were used to target the previously quantified V4 region of the 112 gene (same primers as for qPCR assay but with appropriate barcoding. See S2 number of reads/OTU). Samples above the 1,000 read cut off recommended by QIIME were 144 rarefied to the minimum number of reads found in the samples. Considering community composition no significant differences were observed between the 157 different sampling methods (Adonis: R 2 =0.012, P= 0.344). Hierarchical clustering using 158
Bray-Curtis dissimilarity revealed that the samples clustered more closely between patients 159 than within sampling groups (Fig 1) . 160 Adonis showed significant differences in community composition (R 2 = 0.082, P = 0.001). 189
Hierarchical clustering using Bray-Curtis dissimilarity showed that the bacterial community 190 present in healthy controls clustered separately from those with PBB (Fig 2) . Bray-Curtis hierarchical clustering was used to detect any patterns of similarities in 261 community composition between mothers and their children (Fig 3) . Overall the samples 262 collected from the mothers compared to those from the PBB children were significantly 263 different, however there was a single exception. The bacterial communities present in the 264 throat swab of the mother and the blind brush from the child of family 34 were found to have 265 in common a high abundance of Streptococcus, as well as Veillonella and Neisseria (Fig 6) . species analysis showed that only a Haemophilus and a Neisseria OTU were significantly 291 associated with PBB. This is likely to be due to the number of patients dominated in this 292 particular sample set (Fig 3) . Importantly in many cases the dominant organisms by 293 sequencing were not those identified by culture, highlighting the potential limitations of 294 traditional culture techniques the results of which typically dictate therapeutic strategies. It 295 has been previously observed that conventional microbiology has the potential to miss the 296 presence of potentially pathogenic organisms [16, 21] . shown that unlike the nose the bacterial community from the throat is more similar to that of 323 the lower airways [11] . It was hypothesised that the bacterial community present in the 324 respiratory tract of mothers and children would therefore potentially share similarities, due to 325 their close proximity and shared environments when children are under 2 years of age. In the 326 majority of cases however, the community composition of the mothers' samples were 327 significantly different from their children. Only a single case was observed where the 328 maternal oropharyngeal community and their child's lower airway bacterial communities 329 were similar, and these samples were found to be dominated by the same organism. Bacteroidetes in controls compared to asthmatics, although only 3 of their 7 controls had no 337 respiratory symptoms [11] . The current study demonstrates that the data generated from a 338 blind brushing via an ET tube is comparable to that obtained by visualization using 339 bronchoscopy, the so-called non-blind brush, allowing the inclusion of healthy children 340 attending the hospital for reasons unrelated to respiratory symptoms. 341 342 This has important implications for future studies of the lower airways microbiota, 343 particularly those involving infants and children, as a non-invasive method will allow greater 344 number of subjects to be studied and affords the opportunity of conducting longitudinal 345 studies with more regular sampling. 346 347
Conclusion
348
In conclusion, the bacterial community within the lungs of children with PBB shows a 349 significantly lower diversity than that observed in healthy children. This is due to the high 350 levels of dominance of Haemophilus, Neisseria, Streptococcus and Moraxella. In many cases 351 the dominant organisms by sequencing were not those identified by culture. This study is the 352 first step in using next generation sequencing methods to increase our understanding of the 353 bacterial community within the lungs of children with PBB. These methods have the potential 354 to lead to quicker more effective treatments, reducing the risk of recurrence or disease 
